ABSTRACT. Maize landraces derived from tropical germplasm represent an important source of genetic variability, which is currently poorly understood and under-exploited by Brazilian crop breeding programs. The aims of our study were to a) estimate the genetic diversity across 48 varieties of maize landraces cultivated at different locations in the States of Rio Grande do Sul (RS) and Paraná (PR) by means of random amplified polymorphic DNA (RAPD), simple sequence repeat (SSR), and amplified fragment length polymorphism (AFLP) markers; b) cluster these varieties based on their genetic similarity estimates, and c) establish possible correlations between genetic similarity and germplasm collection sites. Maize landrace accessions were genotyped through the 30 RAPD, 47 SSR, and 25 combinations of AFLP primers. The results revealed high levels of variability across landraces within and between collection sites. AFLP analysis resulted in amplification of 762 polymorphic fragments and a polymorphic index of 40.3%, followed by RAPD with 335 fragments (81.9%) and SSR with 105 fragments (78.3%). The genetic similarity estimates of the investigated landraces ranged from 41 (SSR) to 74% (AFLP), and the amplitudes of these indices were notably similar between RAPD and SSR, as well as between AFLP and joint analysis. Regarding the RAPD and AFLP dendrograms, groups comprising accessions from RS prevailed, whereas SSR comprised varieties from both collection sites. Groups exclusive to RS or PR support the hypothesis that divergence between groups is possible owing to the fixation of regional adaptation alleles and to spatial barriers hindering genetic flow between locations.
INTRODUCTION
Maize germplasm includes landraces, adapted populations, and introduced exotic materials. Landraces are important genotypes for crop breeding owing to their high potential to adapt to specific environmental conditions and the large source of genetic variability that they provide (Paterniani et al., 2000) . Landraces are generally less productive than commercial cultivars, although in recent years, they have become important as sources of genetic variability in the search for genes for tolerance or resistance to biotic and abiotic factors of interest in agriculture (Araújo and Nass, 2002) .
The genetic diversity observed across landraces is the most important part of maize biodiversity, and local races represent an important fraction of the genetic variability exhibited by this genus. However, few agronomic and genetic data exist for such collections, and this scarcity has limited the use, management, and conservation of this germplasm. In addition, a few improved genotypes with narrower genetic variability are quickly replacing maize landraces (Pollack, 2003) .
Molecular characterization is frequently used by maize breeders as an alternative method for selecting more promising genotypes and reducing the cost and time needed to develop hybrid combinations. According to Garcia et al. (2004) , tropical maize populations that originate from hybridizations exhibit high genetic variability compared with that of temperate populations, and allocating tropical compounds to well-defined heterotic groups based solely on phenotypic assessment is usually difficult. However, molecular characterization is efficient for determining the genetic diversity of maize and the composition of such groups.
Studies of genetic diversity across individuals have been stimulated by the amplification of DNA sequences using polymerase chain reaction (PCR) (Saiki et al., 1988) . Several methods have been applied in this regard: random amplified polymorphic DNA (RAPD) (Williams et al., 1990) , simple sequence repeat (SSR) (Tautz, 1989) , and amplified fragment length polymorphism (AFLP) (Zabeau and Vos, 1993) . RAPD is widely used in studies of maize diversity owing to its low cost and rapid detection of polymorphisms (Carvalho et al., 2004; Bruel et al., 2007) . SSR features high reproducibility, accuracy, and discrimination. Owing to their specificity and ease of detection, SSRs are one of the main markers used to characterize the genetic resources of plants via the genotyping of germplasm collections and analysis of genetic diversity (Adeyemo et al., 2011; Terra et al., 2011) . AFLP is a nearly ideal system because it allows the assessment of genetic diversity across individuals, populations, and species (Laborda et al., 2005; Hartings et al., 2008) . This technique reveals a large portion of the genome of any organism and allows for high-resolution and high-quality genotyping. According to Gerber et al. (2000) , the loss of information owing to the expression of the dominant marker is counterbalanced by the high number of polymorphic loci revealed by this method. The aims of the present study were to estimate the genetic diversity across 48 varieties of maize landraces from southern Brazil by means of molecular genotyping using RAPD, SSR, and AFLP markers, cluster these landrace varieties based on their index of genetic similarity, and establish possible correlations with the collection sites.
MATERIAL AND METHODS

Plant material and molecular analysis
Forty-eight varieties of maize landraces were used for molecular analysis, of which 18 originated in the State of Paraná (PR) and 30 from Rio Grande do Sul (RS; Table 1 ). The genomic DNA of each variety was extracted from a sample of young leaves collected from 15 plants per variety. The hexadecyltrimethylammonium bromide method described by Hoisington et al. (1994) was used for extraction. 
RAPD markers
Thirty RAPD primers (Operon Technologies Inc., Alameda, CA, USA) were subjected to temperature gradient testing during the PCR annealing step to ensure a robust amplification of fragments. The amplification reactions were prepared in a 20-µL volume containing 1X Green Go Taq ® Flexi buffer, 4.0 mM MgCl 2 , 0.27 mM of each deoxyribonucleotide triphosphate (Amresco, Solon, OH, USA), 0.8 µM of each primer, 1.0 U Taq DNA polymerase (Promega, Madison, WI, USA), and 40 ng template DNA. The reaction comprised 1 cycle of initial denaturation for 3 min at 94°C, followed by 45 cycles of denaturation at 94°C for 1 min, a specific annealing temperature for each primer for 45 s, and elongation at 72°C for 2 min, and a final extension at 72°C for 6 min.
SSR markers
Forty-seven pairs of microsatellite primers (forward and reverse) were used, representing the 10 linkage groups of the maize consensus map. On average, 4.7 primers were analyzed per linkage group with amplitudes between 4 and 7 primers. PCRs were prepared in a 20-µL volume containing 1X Green Go Taq ® Flexi buffer, 2.0 mM MgCl 2 , 0.1 mM of each deoxyribonucleotide triphosphate, 0.2 µM primer (forward and reverse), 0.75 U Taq DNA polymerase (Promega), and 40 ng template DNA. The amplification reactions were based on the protocols of Senior et al. (1996) , Ogliari et al. (2000) , and Yao et al. (2007) .
The fragments amplified using RAPD and SSR were stained with GelRed 0.1X (Biotium, Hayward, CA, USA) and loading buffer (0.25% bromophenol blue and 0.4% sucrose) at a 1:1 ratio. The PCR products were separated on 2 and 3% agarose gels, respectively, for approximately 4 h at 80 V in 1X Tris-borate ethylenediaminetetraacetic acid buffer. Five microliters of 100-bp marker (Norgen Biotek, Toronto, Canada) was added to the far left lane. The gels were photodocumented under ultraviolet light on an MF-ChemisBis device (DNR Bio-Imaging Systems Ltd., Jerusalem, Israel).
AFLP marker
The landrace varieties were genotyped with 25 combinations of EcoRI + MseI primers according to Vos et al. (1995) . Briefly, the genomic DNA of each sample was doubly digested using the EcoRI (Promega) and MseI (Invitrogen, USA) restriction enzymes. Then, restriction enzyme adaptors were ligated onto the digested fragments. Pre-amplification was performed using the EcoRI + A and MseI + C primers in the 3ꞌ position, and selective amplification was performed using primers containing 3 selective nucleotides in the 3ꞌ position. The products of selective amplification were denatured and separated on 6% polyacrylamide gels. Electrophoresis was performed in 1X Tris-borate ethylenediaminetetraacetic acid buffer at 80 W for 3.5 h (Sequi-Gen GT Nucleic Acid Electrophoresis Cell/BIORAD Apparatus of Electrophoresis, Hercules, CA, USA). Silver ion impregnation was performed according to the method described by Creste et al. (2001) .
Data analysis
The fragments produced by the genotyping of landrace varieties were entered in a binary data matrix (1 and 0). Only polymorphic fragments were subjected to analysis of genetic similarity using the Jaccard coefficient. Clustering analysis was based on the similarity matrix of the investigated landrace varieties, and we used the unweighted pair-group arithmetic method. Similarity and clustering analyses were performed separately and jointly for all 3 types of markers using NTSYS pc 2.1 (Rohlf, 1992) and GENES version 7.0 (Cruz, 2006) . The correlation between the individual and joint genetic similarity matrices was investigated using the Mantel test (Mantel, 1967) with NTSYS pc 2.1 (Rohlf, 1992) .
RESULTS
Molecular polymorphisms
Thirty RAPD primers amplified 409 fragments corresponding to an average of 13.6 fragments per primer and measuring approximately 160 to 2000 bp. From these fragments, 335 (81.9%) were polymorphic and 74 (18.1%) were monomorphic. The lowest percentage of polymorphisms was detected in OPAR-02 (30%) and the highest (100%) was found in OPAW-08, OPY-04, OPAX-10, OPAW-11, OPAT-08, and OPAR-16 ( Table 2 . List of RAPD primers, total number of amplified fragments, number of monomorphic fragments, number of polymorphic fragments, rate of polymorphism, and the number of polymorphic fragments per primer.
Genotyping with the 47 SSR primers amplified 134 fragments measuring approximately 100 to 400 bp. From these fragments, 105 (78.3%) were polymorphic and 29 (21.7%) were monomorphic. The number of fragments per primer ranged from 1 to 7, with an average of 2.9. Table 3 . List of SSR primers, total number of amplified fragments, number of monomorphic fragments, number of polymorphic fragments, rate of polymorphism, and the number of polymorphic fragments per primer.
Twenty-five combinations of EcoRI and MseI primers produced 1889 fragments measuring approximately 47 to 1153 bp. The average number of fragments per primer was 75.6, with amplitudes ranging from 42 (E-ATC/M-CGC) to 106 (E-ACA/M-CAT). Of these fragments, 1127 (59.7%) were monomorphic, and 762 (40.3%) were polymorphic. In 13 combinations, the polymorphic index was <40%; the indexes of 5 combinations were >52.7%, particularly in E-ACA/M-CGC (67.8%) and E-AGT/M-CGC (65.5%; Table 4 ). From the markers used in genotyping of landrace varieties, AFLP amplified an average of 30.5 polymorphic fragments per primer, which was 3-and 14-fold higher than the rate of polymorphism detected with RAPD and SSR markers, respectively (see Tables 2 and 4 
Genetic similarity
The genetic similarity estimates revealed an average index of 57% with RAPD markers with amplitudes between 46 and 70%. População Nonoai (V8) compared to Dente de Ouro (V45), Crioulo Rosa (V34), and Crioulo Palha Roxa (V48) exhibited the lowest genetic similarity, whereas comparisons of Asteca (V6) and Caiano (V7) exhibited the highest similarity. The average similarity estimate with the SSR markers was 56%; the comparison between Branco (V42) and Crioulo Palha Roxa (V48) exhibited the highest divergence, with an index of 41%, whereas maximal similarity (76%) was observed in the comparison between Nutricional (V1) and Branco para Palha (V9; Table 5 ).
The similarity values for AFLP and joint analyses of markers were highly similar; coefficients ranged from 59 to 89% for the former and 58 to 81% for the latter, with averages of 74 and 69%, respectively. The Branco (V16) and Branco Dentado (V38) varieties generally exhibited the least similarity among all combinations (AFLP and joint analysis). In addition, the Branco (V16) variety combined with População Nonoai (V28) and Crioulo 8 Carreiras (V31) exhibited the lowest index in joint analysis. In contrast, the combination between Branco (V16) and Carioca (V11) exhibited the highest genetic similarity among all varieties in both AFLP (89%) and joint (81%) analyses ( 
Clustering of landrace varieties
The RAPD and SSR dendrograms revealed that the 48 maize landrace varieties formed 8 heterotic groups. However, 6 varieties (V27, V32, V16, V31, V34, and V28) did not cluster with RAPD, and only Pérola (V10) remained isolated with SSR (Figures 1 and 2) . Clustering with AFLP exhibited remarkable contrasts between markers in terms of the number of groups and isolated varieties in the dendrograms. Our analysis revealed the formation of only 6 heterotic groups comprising 27 landrace varieties and a significant percentage (44%) of varieties that remained isolated (Figure 3) . On joint analysis, the topology of the tree was similar to that of the AFLP tree. The varieties that remained isolated with AFLP formed heterotic group G; the other changes in clustering concerned the inclusion or exclusion of varieties in groups B, C, and E. Heterotic groups D and F maintained the same number of genotypes, although their composition was entirely different than that observed with AFLP analysis (Figure 4) . Correlation analysis between genetic similarity matrices allowed us to determine the associations between the similarity indices as well as to confirm the results obtained through cluster analysis of the landraces. The highest correlation was found between AFLP and joint analysis (96%) followed by RAPD and joint analysis (66%). Intermediate values (46 and 44%) were found in the associations RAPD/AFLP and SSR/joint analysis, respectively. The lower values were estimated for RAPD/SSR and SSR/AFLP, with only 31 and 30%, respectively.
DISCUSSION
The number of fragments amplified using RAPD primers was higher than that found by Carvalho et al. (2004) , who assessed 81 maize landraces using 32 primers, and that of Garcia et al. (2004) and Lanza et al. (1997) , who studied genetic divergence across 18 inbred maize lines. However, the rate of polymorphisms found in the present study was similar to that observed by Bruel et al. (2007) and Lanza et al. (1997) . Carvalho et al. (2004) , Moeller and Schaal (1999) , and Rinaldi et al. (2007) have obtained lower polymorphic indices ranging from 71 to 76%. The number of polymorphic fragments per primer (11.2) found in the present study agreed with the findings of Moeller and Schaal (1999) , although lower rates have also been reported (Lanza et al., 1997; Carvalho et al., 2004; Rinaldi et al., 2007) . These differences in the number of fragments and polymorphic rates may be associated with the genetic background of the genotypes or alterations needed to adjust the methods applied by different laboratories when using this marker.
Genotyping with the SSR markers identified 134 fragments with an average of 2.9 fragments per marker, a result identical to those of Garcia et al. (2004) and Barbosa et al. (2003) , who found the same number of alleles per locus in maize inbred lines using 68 primers. Xiang et al. (2010) have investigated diversity across maize landrace varieties using 41 primers and found Genetic diversity in maize landraces an average of 6.9 alleles per locus, as did Yao et al. (2007) . Notably different results have been reported by Yang et al. (2011) in a study in which 82 primers produced an average of 8.2 alleles per locus, and by Eschholz et al. (2008) , who obtained an average of 10.8 alleles per locus with just 10 primers in Swiss flint maize germplasm. The rate of polymorphisms found in the present study was similar to that reported by Xiang et al. (2010) and much lower than the 97% observed by Yao et al. (2007) . In regard to the number of polymorphic fragments per primer, the value in the present study (2.2) was lower than that described by Adeyemo et al. (2011) .
These differences in the number of fragments and the rate of polymorphisms compared with those in the literature may be associated with the type of matrix (agarose or polyacrylamide) used to separate the fragments. This possibility is highlighted in the studies of Yao et al. (2007) and Xiang et al. (2010) , in which a higher number of alleles per locus with SSR analysis was reported using polyacrylamide gels. In addition, Kostova et al. (2006) have observed that the use of SSRs with dinucleotide repeats might result in a greater number of alleles, which is in agreement with Yang et al. (2011) and Eschholz et al. (2008) , who used 44 and 50% of primers to sample these regions, respectively. In the present study, only 38% of the SSR primers sampled repetitive dinucleotides, which may be reflected in the lower number of amplified fragments per locus.
The results obtained with AFLP markers were much higher than those reported in the literature, which range from 278 to 638 fragments when using an average of 8 primer combinations (Laborda et al., 2005; Hartings et al., 2008; Legesse et al., 2008) . The results reported by Barbosa et al. (2003) and Garcia et al. (2004) were the closest to those of the present study with respect to the number of primers analyzed (20 combinations), although their number of amplified fragments was lower. The rate of polymorphism (40.3%) found in the present study was also much lower than that reported by several authors -e.g., Barbosa et al. (2003) and Legesse et al. (2008) . The number of polymorphic fragments per primer (30.5) agreed with the results of Hartings et al. (2008) and Barbosa et al. (2003) , although higher rates have been reported (Laborda et al., 2005; Legesse et al., 2008) . These differences may be due to the number of primer combinations used and the lack of prior selection for the best combinations. In other words, all available combinations were used to genotype the full set of landrace varieties. According to Caixeta et al. (2009) , the combination of restriction enzymes might affect the number of polymorphic loci produced.
Analysis of the polymorphic index associated with each marker revealed that SSR and RAPD techniques exhibited the highest indices (78.3 and 74.1%, respectively), which agreed with the results of Caixeta et al. (2009) , who observed that the level of polymorphisms detected using AFLP is lower compared with that of other markers such as SSR. However, assessment of the efficiency of the various markers in the production of polymorphisms revealed that AFLP were superior, with an average of 30.5 polymorphic fragments per primer. This finding corresponds to a 3-fold greater relative efficiency compared with that of RAPD and a 14-fold improvement over SSR markers, agreeing with results reported by Caixeta et al. (2009) and Gerber et al. (2000) , who observed that a smaller number of AFLP primer combinations are sufficient to produce an appropriate number of polymorphic fragments.
Further issues worth considering are the number of accessions investigated, the genetic background of the germplasm (temperate or tropical), and especially, the genomic region sampled by each marker. In general, a higher number of investigated accessions and more varied genetic background result in a higher expected polymorphic rate. Differences inherent in the markers must also be taken into account. For instance, RAPD techniques use short
primers (10 nucleotides) with random sequences, whereas SSR methods use specific primers (20 to 25 bp) for the regions flanking microsatellites. AFLP techniques combine the specificity of restriction enzymes with the exponential amplification of PCR. The diversity index estimates confirmed the wide genetic variability of landrace varieties. The estimated amplitudes of genetic diversity for the full set of investigated varieties were 30 to 54% using RAPD and 24 to 59% with SSR methods; these values supported the initial hypothesis of high genetic variability among these accessions of maize landraces.
The low genetic diversity among accessions of maize obtained with the AFLP method compared with those obtained with RAPD and SSR techniques may be associated with the fact that the EcoRI and MseI restriction sites are located in highly conserved regions of the genomes of these maize varieties. According to Vuylsteke et al. (1999) , who investigated the distribution of AFLP fragments in the maize genome by means of various combinations of restriction enzymes exhibiting different levels of methylation, the clustering of fragments largely co-localizes in the centromeric regions of chromosomes, primarily when such combinations as EcoRI/MseI and m PstI/MseI are used, whereas PstI/MseI produces fragments more randomly spread across the genome. However, the vast majority of studies in the literature have used EcoRI/MseI to amplify fragments with AFLP. In addition, according to Jansen et al. (1996) , EcoRI/MseI is more appropriate for genomes poor in guanine and cytosine (G+C), HindIII/MseI is best for genomes with intermediate G+C (40 to 50%) content, and ApaI/TaqI is most suitable for genomes rich in G+C.
Joint analysis of all 3 marker types exhibited results similar to those obtained with AFLP markers alone, clearly demonstrating that the latter prevailed over the other markers in joint analysis. This finding agreed with those of a study by Laborda et al. (2005) , in which diversity estimates based on AFLP exhibited poor correlation with those corresponding to SSR. Laborda et al. (2005) have observed that joint analysis (AFLP/SSR) was not the most efficient method for assessing variability across tropical accessions. Such evidence was confirmed by the high correlation (96%) of similarity matrices between AFLP and joint analysis of markers. Laborda (2003) has studied tropical maize lines using SSR and AFLP markers and claims that the discrepancy in the results may be due to differences in the evolution rate of each marker. For instance, Vigouroux et al. (2002) have cited an SSR mutation rate on the order of 10 -3 , whereas the rate for AFLP is 10 -6 . These differences in mutation rates may result in differing assessments of the genome when genotyping is carried out using SSR and AFLP markers. The lower genetic variability among landrace varieties expressed with AFLP compared to SSR markers might be supported by the discrepancy in mutation rates because the genetic similarity estimated by SSR was slightly lower compared with that of AFLP. Conversely, the amplitude of variation in diversity values was higher in SSR compared with that in AFLP markers. These results confirm the hypothesis that SSR exhibits a greater capability to explore diversity, reveals greater polymorphism, and thus samples higher genetic variability across accessions of maize landraces.
The dendrograms constructed using similarity data for each marker illustrated several discrepancies. Overall, the clustering analysis showed that the combination of landrace varieties exhibiting the highest index of genetic similarity in AFLP and joint analysis was Asteca (V6) with Carioca (V11); for SSR, Nutricional (V1) with Branco para Palha (V9), and for RAPD, Asteca (V6) with Caiano (V7). Clustering showed combinations of varieties that might maximize heterosis through artificial crossing in breeding programs. For instance, in the case of RAPD markers, landrace varieties from group A could be crossed with isolated varieties População Nonoai (V28), Crioulo Rosa (V34), and Crioulo 8 Carreiras (V31). Regarding SSR markers, the greatest heterosis might be expected from crossing group A and H (V25, V32, and V41) genotypes. The dendrograms generated for AFLP and joint analysis featured the same tree topology with slight alterations. Specifically, crossing schemes involving group A and the more distant isolated genotypes might allow for greater success in the production of genetic variability and thus might maximize the exploitation of heterosis and segregation.
The discrepancies in the dendrograms generated by the 3 marker types and joint analysis occurred mainly because each marker assesses different genomic regions. The varieties that clustered in the same group (A) in all 4 dendrograms were Nutricional (V1), Milho Grande (V2), Palha Roxa (V3), and Paiol (V4), thereby denoting high genetic similarity across these accessions independent of marker type. Comparison of the RAPD and SSR dendrograms revealed that a higher number of landraces belonged to the same group (A): Branco (V5), Asteca (V6), Caiano (V7), Branco para Palha (V9), Carioca (V11), Vinten (V13), Encantilado (V15), Amarelo Antigo (V17), and Crioulo 8 Carreiras (V18). By contrast, the AFLP dendrogram was notably similar to that resulting from joint analysis. Twelve varieties were included in group B of both dendrograms (V1, V11, V12, V13, V14, V15, V17, V18, V19, V20, V23, and V30), 2 in group C (V46 and V47), and only Caiano FE 121 (V37) in group E. Similarly, the same 11 landrace varieties remained isolated in the AFLP and joint analysis dendrograms (V39, V24, V25, V43, V31, V40, V8, V38, V42, V27, and V16). Landraces Branco (V16), Branco Dentado (V38), and Crioulo 8 Carreiras (V31) were the most divergent based on genetic similarity and clustering analyses.
With respect to collection sites, 2 dendrograms (RAPD and AFLP) exhibited a predominance of groups with genotypes exclusively from RS, followed by groups of genotypes exclusively from PR (AFLP) or both locations (AFLP and RAPD). With SSR markers, the groups comprising landraces from both locations prevailed (5), and only 3 included genotypes exclusively from RS. By contrast, in joint analysis, 3 groups contained varieties exclusively from RS, 2 exclusively from PR, and 2 from both locations. Group A in the RAPD and SSR dendrograms displayed an interesting feature: a predominance of landrace varieties from PR compared with those from RS (15:1 and 13:5, respectively). The presence of varieties from RS in this group may be due to varieties from PR having been previously introduced from RS during the historical period of colonization. Nevertheless, groups with varieties exclusively from PR may have formed as a result of both the regional fixation of alleles that differentiated during the geographical expansion of those varieties and their isolation by means of physical barriers hindering genetic flow between locations. In addition, the growing awareness of family farmers about avoiding the mixing of seeds likely contributed significantly to the predominant clustering of varieties as a function of collection site.
The stability of dendrograms is an important feature to consider in studies involving the clustering of genotypes according to genetic similarity/dissimilarity indices (Carvalho et al., 2004) . Analysis of genetic diversity examining various tropical maize lines has demonstrated that 150 polymorphic fragments are sufficient to stabilize the clustering of corresponding lines (Lanza et al., 1997; Pejic et al., 1998) . Bootstrap analyses performed by Barbosa et al. (2003) and Garcia et al. (2004) have shown that at least 262 (RAPD) and 232 (AFLP) but only 29 (SSR) polymorphic fragments are needed to stabilize the coefficient of variation at 10%. The number of polymorphic fragments used in our analysis was 335 with RAPD, 762 with AFLP, and 105 with SSR. These numbers were well above the number recommended to produce accurate information on the index of genetic similarity and promote stability in the clustering analysis of maize landrace varieties.
Although the index of genetic similarity was high in several pairs of combinations of landrace varieties, most of the varieties revealed high genetic diversity based on genotyping with all 3 marker types. These results have been confirmed when the agronomic characterization of these accessions is taken into account (Araújo and Nass, 2002) . In addition, these varieties appear to be a positive source of genetic variability regarding characteristics of agronomic interest, such as tolerance to toxic aluminum, that have been poorly exploited in this germplasm to date (Coelho, 2011) . In this sense, molecular genotyping with various markers and agronomic characterization of these landraces may allow mining for new genes of economic interest, reveal the most promising crossings to maximize heterosis and preserve a portion of this genetic variability that has been poorly exploited by crop breeding programs.
In conclusion, molecular analysis allowed the identification of high genetic variability in the germplasm of tropical maize landraces independent of marker type. RAPD and SSR markers exhibited higher average indices of polymorphism compared with those of AFLP, although the latter was more efficient in the production of polymorphic fragments. Landraces predominantly clustered as a function of the collection sites. In general, the dendrograms generated using RAPD and AFLP markers exhibited a predominance of groups constituted by varieties from RS, and with SSR markers, groups were composed of accessions from both locations. Groups of landraces exclusively from RS and PR supported the hypothesis of divergence among these groups that may be due to the fixation of regional adaptation alleles and the presence of physical barriers hindering genetic flow between these locations. However, the evolution time was insufficient to achieve complete separation of varieties into exclusive groups from RS and PR.
